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ABSTRACT

Diet is proposed to have a stimulatory or preventative influence on mental health and the risk of depressive symptoms, given that the diet can
have either a pro- or an anti-inflammatory effect. This study aimed to collate the relation between dietary inflammatory potential and the risk
of depression. PubMed, Google Scholar, ScienceDirect, and Scopus databases, as well as Google were searched for articles published at any date
until May 2018. Original English-language articles involving human participants and studies that investigated the association between dietary
inflammatory potential and the risk of developing depression were included. Duplicated and irrelevant reports were screened out and data were
extracted during critical analysis. Our search method initially identified 173 articles, of which 48 remained after duplicates had been removed.
Thirteen articles were screened and identified as being relevant to the study topic. After critical analysis, 12 articles were included in the final
analysis. All of the articles but 1 reported that higher dietary inflammatory index (DII) is associated with a higher risk of developing depression. Three
studies indicated that DII was positively correlated with circulating inflammatory markers; however, in these studies increased concentrations of
circulating inflammatory markers did not predict the diet–depression relation. Low literacy, unhealthy lifestyle, nutritional status, marital status, and
age were potent contributory factors to whether or not a diet with inflammatory potential was consumed. These findings support the hypothesis
that the DII is an appropriate tool for measuring dietary inflammatory potential, and reinforce the role of diets with inflammatory potential in the
pathophysiology of depression. Adv Nutr 2019;10:9–18.
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Introduction
Depression is a prevalent and serious medical disease that
adversely influences a person’s feelings, thoughts, and actions
and is related to increased levels of disability, morbidity, and
mortality. Depression has been projected to affect 1 in 15
adults (6.7%) annually (1); it has been ranked 11th out of
291 diseases and injuries in regards to disability-adjusted
life years, according to the most recent Global Burden of
Disease study (2), and contributes to 4.3% of the total
worldwide burden of disease, according to WHO estimations
(3). Several factors, including biochemistry (alterations in
certain chemicals in the brain) (4, 5), genetics (6), personality
(individuals with low self-esteem or with high stress) (7,
8), and environmental factors, including persistent exposure
to violence, neglect, abuse, or poverty, can play a role in
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the development of depression (9, 10). Recently, diet and
circulating inflammation markers have been reported to be
major contributors to the incidence of depression (11, 12).

The diet contains several bioactive parameters with pro-
or anti-inflammatory features (13) and is proposed to have a
stimulatory or preventive influence on depressive symptoms,
in part due to the potency of certain food elements in af-
fecting inflammatory pathways (14). For example, increased
intake of refined carbohydrates and refined vegetable oils rich
in omega-6 fatty acids such as arachidonic acid (a precursor
to proinflammatory eicosanoids) and reduced intake of
long-chain ω-3 fatty acids such as EPA (which produces
anti-inflammatory eicosanoids) led to the production of
arachidonic acid, thereby leading to elevated inflammation
in various organs (15). The dietary inflammatory index
(DII) was designed to evaluate whole-diet inflammatory
capacity according to the pro- and anti-inflammatory efficacy
of different dietary components on various circulating
inflammatory biomarkers (13). The details on calculating
and scoring the DII have been presented elsewhere (13).
Briefly, the DII score is based on a review of 1943 qualified
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studies that investigated the influence of dietary parameters
on 6 inflammatory markers: IL-1β, IL-4, IL-6, IL-10, TNF-
α, and C-reactive protein (CRP). Forty-five food param-
eters from 11 food consumption data sets from countries
around the world were identified as being related to the
inflammatory markers. Each article was given 1 of 3 possible
values, i.e., +1 (significantly increased inflammation), −1
(significantly decreased inflammation), or 0 (no change in
inflammation), based on the food parameter. The articles
were then weighed using the study characteristics, and
the pro- and anti-inflammatory fractions for each food
parameter were calculated using the weighted values of the
articles. The anti-inflammatory fraction was subtracted from
the proinflammatory fraction, and each food component
was allocated an inflammatory effect score. For each food
parameter, z scores were calculated and converted to a
centered percentile, based on individual dietary intake data,
the world mean, and the SD, and the gained scores were then
multiplied by the corresponding inflammatory effect score to
obtain a food parameter–specific DII score. The DII scores
of entire food components were then summed to derive the
overall DII score for each individual in the study. A higher
DII score indicates greater proinflammatory potential of the
diet, and vice versa (Supplemental Table 1).

The effects of a diet with a higher DII score (indicating
a proinflammatory diet) on mental health and the develop-
ment of depression have been assessed (16–18). However,
there has been, to our knowledge, no comprehensive report
summarizing these investigations. Therefore, this systematic
review was designed to collate the relations between diets
with inflammatory potential and the risk of depression.

Methods
The search strategy, screening, and selection criteria were
as follows. This review was conducted according to the
guidelines indicated in the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) protocols,
2015 statement. The PubMed, Google Scholar, ScienceDirect,
and Scopus databases were searched, as was Google, for any
articles published until May 2018. Original full-text English-
language articles with human participants were included.
Observational studies and journal articles were included
whereas review articles were excluded. Articles that investi-
gated the association between dietary inflammatory potential
and the risk of developing depression were included. The
following keywords were used: “dietary inflammatory index”
or “dietary inflammatory potential” or “inflammatory dietary
pattern” or “inflammatory diet” in the title and “depression”
or “depressive symptoms” or “mental health” or “stress” or
“anxiety” in the title or abstract. We manually reviewed
the reference lists of articles that were included to identify
further studies, and emailed authors when the full text of an
article was not available. The research question was: Is the
DII associated with the incidence of depressive symptoms in
humans?

The articles identified in the search were saved in an
EndNote software (Thomson Reuters, philadelphia, PA,

USA) file and sorted to remove duplicate reports. The
remaining titles and abstracts were reviewed to screen for
articles with the correct scope for this review. The full
texts of the screened articles were then critically analyzed
separately for eligibility and data extraction. We excluded
studies that assessed the relation between the DII and other
brain disorders, e.g., neurodegenerative diseases including
Alzheimer’s or Parkinson’s disease.

Results
Study characteristics and selection
As presented in Figure 1, we initially identified 173 titles
and abstracts using the aforementioned search method.
Forty-eight studies remained after duplicate studies had
been removed. During the screening phase, 13 articles were
identified as being relevant to the study topic. During critical
analysis of the screened articles, we excluded 1 article because
the full text was unavailable (19). Eventually, 12 articles that
matched the study scope were included in the final review
and analysis (Figure 1).

Table 1 shows that all of the studies included were pub-
lished or accepted in 2013–2018. Out of 45 food parameters
(Supplemental Table 1), 24–37 were used for evaluation of the
DII. All of the studies were conducted on the general adult
population and used a cohort or cross-sectional design, and
there were no clinical studies investigating the association of
the DII with depression-related neuropsychological function
or chemical biomarkers.

Age, sex, race/ethnicity, BMI, education, energy intake,
occupational status, smoking status, physical activity, comor-
bid diseases, and income were the common confounding fac-
tors considered in all of the studies analyzing the association
between the DII and mental health status.

Association of the DII with the risk of developing
depressive symptoms
In total, we included 12 studies that assessed the relation
between the DII and depression. All of the articles (16–18,
20–27) that used the DII measurement tool developed by
Shivappa et al. (13) reported that a higher DII was associated
with a higher risk of developing depression, which may
reinforce the role of diets with inflammatory potential in the
pathophysiology of depression. In a cohort study of 3523
people, Adjibade et al. (20) showed that a greater DII was
associated with higher occurrence of depressive symptoms
in men, but not in the whole population. In a cohort
study of 4246 people, Akbaraly et al. (21) indicated that
the DII was correlated with recurrent depressive symptoms
in women but not in men, and found that women with
higher DII had greater odds of having recurrent depressive
symptoms over the 5-y follow-up period. In the Seguimiento
Universidad de Navarra Project, Sánchez-Villegas et al. (17)
included 15,093 participants, and reported that individuals
with higher DII had a 47% risk of developing depression.
The Nurses’ Health Study that involved 43,685 participants
indicated that the most proinflammatory diets correlated
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FIGURE 1 Flow diagram of the study. ∗Articles that investigated the association between dietary inflammatory potential and the risk of
developing depression were included in this review.

with a 30–40% increased risk of depression (23). Seven of
the studies included also reported that participants with
higher DII scores had greater odds of having depressive
symptoms (16, 18, 22, 24–27) (Table 1). However, in
the InCHIANTI study, Vermeulen et al. (28) reported
that high inflammatory dietary patterns, measured using
a different method to Shivappa et al. (13), were not
longitudinally associated with depression and depressive
symptoms.

Stress and anxiety are risk factors and major comorbidities
of depression that may contribute to the pathophysiology
of depression (29, 30). Two studies reported a positive
correlation between higher DII scores and higher Depression
Anxiety Stress Scale scores, whereas another study reported
a positive correlation between higher DII scores and anxiety
(18, 22, 25). In a cross-sectional study of 11,592 adults,
Bergmans and Malecki (22) reported that higher DII scores
were related with higher frequencies of distress. Shivappa
et al. (25) performed a cross-sectional study on 299 ado-
lescent girls and reported that girls with higher DII had
higher Depression Anxiety Stress Scale-stress scores. In a
cross-sectional study on 2047 adults, Phillips et al. (18)

demonstrated that higher DII scores were correlated with an
increased risk of anxiety; however, the association did not
persist in the fully adjusted model.

Taken together, our findings support the association
between the DII and depression, although some studies
found that the association was gender-specific. Three studies
indicated that the DII score was significantly correlated with
depressive symptoms among women (18, 21, 27), whereas 1
study showed an increased correlation among men (20).

The role of circulating proinflammatory markers in the
association between diet and depression
Four of the studies included demonstrated the regulatory
effect of circulating inflammatory markers on the relation
between the DII and mental health (16, 18, 21, 28). Three
studies indicated that DII scores were positively correlated
with circulating inflammatory markers; however, in these
studies increased circulating inflammatory markers did not
bridge the link between dietary inflammatory potential
and depression. Akbaraly et al. (21) reported that women
with a high DII had higher concentrations of circulating

Dietary inflammatory index and depression 11

art/nmy100_f1.eps


TA
BL

E
1

Ch
ar

ac
te

ris
tic

s
an

d
ex

tr
ac

te
d

da
ta

of
th

e
in

cl
ud

ed
st

ud
ie

s1

A
ut

h
or

s
C

ou
n

tr
y

Ty
p

e
of

st
ud

y
Ta

rg
et

p
op

ul
at

io
n

Po
p

ul
at

io
n

,
n

M
et

h
od

of
D

II
ev

al
ua

ti
on

A
g

e,
y

Pr
im

ar
y

ou
tc

om
e

N
um

b
er

of
fo

od
p

ar
am

et
er

s
of

45
D

ur
at

io
n

of
fo

llo
w

-u
p,

y
Fi

n
d

in
g

s

A
dj

ib
ad

e
et

al
.(

20
)

Fr
an

ce
Co

ho
rt

G
en

er
al

po
pu

la
tio

n
35

23
Re

pe
at

ed
24

-h
di

et
ar

y
re

co
rd

s

35
–6

0
D

ep
re

ss
io

n
36

12
.6

In
th

e
fu

ll
sa

m
pl

e,
D

II
w

as
no

ta
ss

oc
ia

te
d

w
ith

in
ci

de
nt

de
pr

es
si

ve
sy

m
pt

om
s

(O
R:

1.
07

;9
5%

C
I:

0.
66

,0
.7

2)
.

M
en

(O
R:

2.
32

;9
5%

C
I:

1.
01

,5
.3

5)
,s

m
ok

er
s

(O
R:

2.
21

;9
5%

C
I:

1.
08

,4
.5

2)
,a

nd
le

ss
ph

ys
ic

al
ly

ac
tiv

e
pa

rt
ic

ip
an

ts
(O

R:
2.

07
;9

5%
C

I:
1.

05
,4

.0
7)

w
ith

a
hi

gh
er

D
II

ha
d

a
hi

gh
er

ris
k

of
in

ci
de

nt
de

pr
es

si
ve

sy
m

pt
om

s.2

Th
os

e
w

ith
hi

gh
D

II
w

er
e

m
os

tly
w

om
en

(P
<

0.
00

01
),

yo
un

ge
r(

P
<

0.
00

01
),

le
ss

ed
uc

at
ed

(P
<

0.
00

01
),

le
ss

ph
ys

ic
al

ly
ac

tiv
e

(P
<

0.
00

01
),

an
d

w
ith

no
rm

al
BM

I
(6

7%
).2

A
kb

ar
al

y
et

al
.(

21
)

U
ni

te
d

Ki
ng

do
m

Co
ho

rt
M

id
dl

e-
ag

ed
m

en
an

d
m

en
fro

m
W

hi
te

ha
ll

II
sd

y

42
46

FF
Q

35
–5

5
D

ep
re

ss
io

n
27

5
D

II
w

as
co

rr
el

at
ed

w
ith

re
cu

rr
en

td
ep

re
ss

iv
e

sy
m

pt
om

s
on

ly
in

w
om

en
(O

R:
2.

83
;9

5%
C

I:
1.

48
,5

.4
2)

.
Th

os
e

w
ith

hi
gh

er
D

II
sc

or
e

w
er

e
m

os
tly

cu
rr

en
ts

m
ok

er
s

(P
<

0.
00

1)
,m

or
e

ph
ys

ic
al

ly
in

ac
tiv

e
(P

<
0.

00
1)

,l
iv

in
g

al
on

e
(P

=
0.

01
),

ha
d

le
ss

en
er

gy
in

ta
ke

(P
<

0.
00

1)
,a

lo
w

so
ci

oe
co

no
m

ic
po

si
tio

n
(P

<
0.

00
1)

,a
nd

hi
gh

er
co

nc
en

tr
at

io
ns

of
IL

-6
(P

=
0.

00
6)

an
d

C
RP

(P
=

0.
00

2)
.2

In
fla

m
m

at
or

y
m

ar
ke

rs
di

d
no

tp
re

di
ct

th
e

as
so

ci
at

io
n

be
tw

ee
n

D
II

an
d

re
cu

rr
en

td
ep

re
ss

iv
e

sy
m

pt
om

s.
Be

rg
m

an
s

an
d

M
al

ec
ki

(2
2)

U
ni

te
d

St
at

es
C

ro
ss

-
se

ct
io

na
l

A
du

lts
11

,5
92

24
-h

di
et

ar
y

re
ca

lls
≥2

0
D

ep
re

ss
io

n
an

d
di

st
re

ss

27
—

D
II↑

→
D

ep
re

ss
io

n↑
(O

R:
2.

26
;9

5%
C

I:
1.

60
,3

.2
0)

;f
re

qu
en

t
di

st
re

ss
↑(

O
R:

1.
81

;9
5%

C
I:

1.
20

,2
.7

1)
.

Th
os

e
w

ith
hi

gh
D

II
w

er
e

m
os

tly
fe

m
al

es
,m

or
e

cu
rr

en
t

sm
ok

er
s,

ob
es

e,
w

er
e

w
or

se
re

ga
rd

in
g

ed
uc

at
io

n,
em

pl
oy

m
en

t,
sm

ok
in

g
st

at
us

,h
ea

lth
in

su
ra

nc
e

st
at

us
,

an
d

po
ve

rt
y:

in
co

m
e

ra
tio

,a
nd

ha
d

lo
w

er
su

pp
le

m
en

t
us

e
an

d
to

ta
le

ne
rg

y
in

ta
ke

(a
ll,

P
<

0.
00

01
).2

Jo
rg

en
se

n
et

al
.(

16
)

U
ni

te
d

St
at

es
C

ro
ss

-
se

ct
io

na
l

A
du

lts
w

ith
ou

t
C

VD

11
,6

24
24

-h
di

et
ar

y
re

ca
ll

≥1
8

D
ep

re
ss

io
n

28
—

D
II↑

→
D

ep
re

ss
iv

e
ris

k↑
(O

R:
1.

78
;9

5%
C

I:
1.

32
,2

.4
0)

.
C

RP
w

as
si

gn
ifi

ca
nt

ly
co

rr
el

at
ed

w
ith

D
II

sc
or

e
(P

<
0.

00
1)

.
C

RP
co

nc
en

tr
at

io
n

w
as

hi
gh

er
in

th
os

e
w

ith
cu

rr
en

t
de

pr
es

si
on

(P
<

0.
00

01
).

Lu
ca

s
et

al
.

(2
3)

U
ni

te
d

St
at

es
Co

ho
rt

W
om

en
w

ith
ou

t
de

pr
es

si
on

43
,6

85
FF

Q
50

–7
7

D
ep

re
ss

io
n

—
12

D
II↑

→
D

ep
re

ss
iv

e
ris

k↑
(O

R:
1.

41
;9

5%
C

I:
1.

22
,1

.6
3)

.
Th

os
e

w
ith

hi
gh

ID
P

w
er

e
m

or
e

lik
el

y
to

be
a

ne
ve

r
sm

ok
er

,w
ith

hi
gh

er
BM

I,
be

le
ss

ph
ys

ic
al

ly
ac

tiv
e,

w
ith

a
hi

gh
to

ta
le

ne
rg

y
in

ta
ke

,b
e

le
ss

er
us

er
s

of
m

ul
tiv

ita
m

in
s,

ha
ve

lo
w

er
in

ta
ke

of
ca

ffe
in

e
an

d
al

co
ho

l,
an

d
hi

gh
pr

ev
al

en
ce

of
ca

rd
io

m
et

ab
ol

ic
di

se
as

es
(a

ll,
P

<
0.

00
01

).2

Ph
ill

ip
s

et
al

.
(1

8)
Ire

la
nd

C
ro

ss
-

se
ct

io
na

l
A

du
lts

20
47

FF
Q

50
–6

9
D

ep
re

ss
io

n
an

d
an

xi
et

y
26

—
D

II↑
→

D
ep

re
ss

iv
e

ris
k↑

(O
R:

2.
23

;9
5%

C
I:

1.
15

,4
.3

6)
.

In
ge

nd
er

-s
tr

at
ifi

ed
an

al
ys

es
co

rr
el

at
io

ns
w

er
e

no
te

d
in

w
om

en
on

ly
.

Th
os

e
w

ith
hi

gh
er

D
II

w
er

e
m

or
e

m
al

e
(P

<
0.

00
01

),
se

de
nt

ar
y

(P
<

0.
00

01
),

an
d

m
or

e
cu

rr
en

ts
m

ok
er

s
(P

=
0.

00
1)

.2

Th
e

re
la

tio
n

be
tw

ee
n

D
II

an
d

m
en

ta
lh

ea
lth

is
no

t
re

gu
la

te
d

by
ci

rc
ul

at
in

g
in

fla
m

m
at

or
y

st
at

us
. (C

on
tin

ue
d)

12 Kheirouri and Alizadeh



TA
BL

E
1

(C
on

tin
ue

d)

A
ut

h
or

s
C

ou
n

tr
y

Ty
p

e
of

st
ud

y
Ta

rg
et

p
op

ul
at

io
n

Po
p

ul
at

io
n

,
n

M
et

h
od

of
D

II
ev

al
ua

ti
on

A
g

e,
y

Pr
im

ar
y

ou
tc

om
e

N
um

b
er

of
fo

od
p

ar
am

et
er

s
of

45
D

ur
at

io
n

of
fo

llo
w

-u
p,

y
Fi

n
d

in
g

s

Sh
iv

ap
pa

et
al

.(
24

)
U

ni
te

d
St

at
es

C
oh

or
t

A
du

lts
at

ris
k

of
ar

th
rit

is
36

48
FF

Q
45

–7
9

D
ep

re
ss

io
n

24
8

D
II↑

→
D

ep
re

ss
iv

e
ris

k↑
(H

R:
1.

24
;9

5%
C

I:
1.

01
,1

.5
3)

.
Th

os
e

w
ith

hi
gh

D
II

w
er

e
yo

un
ge

r(
P

<
0.

00
01

),
m

or
e

m
al

es
(P

<
0.

00
01

),
sm

ok
er

s
(P

=
0.

00
1)

,l
es

s
ed

uc
at

ed
(P

=
0.

00
2)

,o
be

se
(P

<
0.

00
01

),
an

d
us

ed
st

at
in

s
le

ss
fre

qu
en

tly
(P

<
0.

00
01

).2

Sh
iv

ap
pa

et
al

.(
25

)
Ira

n
C

ro
ss

-
se

ct
io

na
l

A
do

le
sc

en
t

gi
rls

29
9

FF
Q

15
–1

8
St

re
ss

31
—

G
irl

s
w

ith
hi

gh
er

D
II

ha
d

hi
gh

er
BM

Ia
nd

D
A

SS
st

re
ss

sc
or

es
(β

:2
.7

5;
95

%
C

I:
1.

05
,4

.4
6)

an
d

ha
d

a
3.

48
-fo

ld
ris

k
of

ha
vi

ng
at

le
as

ta
m

od
er

at
e

le
ve

lo
fs

tr
es

s.
Sh

iv
ap

pa
et

al
.(

26
)

A
us

tr
al

ia
Co

ho
rt

M
id

dl
e-

ag
ed

w
om

en
64

38
FF

Q
45

–5
0

D
ep

re
ss

io
n

26
12

D
II↓

→
D

ep
re

ss
io

n
ris

k↓
(R

R:
0.

81
;9

5%
C

I:
0.

69
,0

.9
6)

W
om

en
w

ith
hi

gh
er

D
II

m
or

e
of

te
n

ha
d

lo
w

er
ed

uc
at

io
n

(P
=

0.
02

),
w

er
e

se
pa

ra
te

d,
di

vo
rc

ed
,o

rw
id

ow
ed

(P
<

0.
00

01
),

ha
d

lo
w

ph
ys

ic
al

ac
tiv

ity
(P

<
0.

00
01

),
an

d
w

er
e

m
or

e
cu

rr
en

ts
m

ok
er

s
(P

<
0.

00
01

).2

Sá
nc

he
z-

Vi
lle

ga
s

et
al

.(
17

)

Sp
ai

n
Co

ho
rt

U
ni

ve
rs

ity
gr

ad
ua

te
s

15
,0

93
FF

Q
M

ea
n

±
SD

:
38

.2
8

±
11

.9
6

D
ep

re
ss

io
n

28
10

D
II↑

→
D

ep
re

ss
io

n
ris

k↑
(H

R:
1.

47
;9

5
%

C
I:

1.
17

,1
.8

5)
.

A
ss

oc
ia

tio
n

of
D

II
w

ith
de

pr
es

si
on

w
as

st
ro

ng
er

am
on

g
ol

de
ri

nd
iv

id
ua

ls
(H

R:
2.

70
;9

5%
C

I:
1.

22
,5

.9
7)

an
d

am
on

g
th

os
e

w
ith

ca
rd

io
m

et
ab

ol
ic

co
m

or
bi

di
tie

s
(H

R:
1.

80
;9

5%
C

I:
1.

70
,2

.5
7)

.
Th

os
e

w
ith

hi
gh

er
D

II
w

er
e

m
or

e
m

en
,s

in
gl

e,
yo

un
ge

r,
ha

d
lo

w
er

da
ily

en
er

gy
in

ta
ke

,a
nd

w
er

e
m

or
e

cu
rr

en
t

sm
ok

er
s

(a
ll,

P
<

0.
00

1)
.2

Ve
rm

eu
le

n
et

al
.(

28
)

Ita
ly

Co
ho

rt
O

ld
er

ad
ul

ts
In

C
H

IA
N

TI
st

ud
y

82
7

FF
Q

≥6
5

D
ep

re
ss

io
n

—
3,

6,
9

N
o

lo
ng

itu
di

na
la

ss
oc

ia
tio

n
w

as
fo

un
d

of
hi

gh
in

fla
m

m
at

or
y

di
et

ar
y

pa
tt

er
n

Iw
ith

de
pr

es
si

on
(O

R:
0.

90
;9

5%
C

I:
0.

55
,1

.4
5)

or
de

pr
es

si
ve

sy
m

pt
om

s
(B

=
0.

04
;9

5%
C

I:
–0

.0
6,

0.
13

).
D

ie
ta

ry
pa

tt
er

n
w

as
re

la
te

d
to

ci
rc

ul
at

in
g

in
fla

m
m

at
or

y
m

ar
ke

rs
.

Pa
rt

ic
ip

an
ts

in
th

e
hi

gh
es

tq
ua

rt
ile

of
in

fla
m

m
at

or
y

di
et

ar
y

pa
tt

er
n

Iw
er

e
ol

de
r(

P
=

0.
00

4)
,l

es
s

ed
uc

at
ed

(P
=

0.
01

),
m

or
e

in
ac

tiv
e

(P
=

0.
03

),
m

or
e

a
ne

ve
r

sm
ok

er
(P

=
0.

01
),

ha
d

lo
w

er
en

er
gy

in
ta

ke
s

(P
<

0.
00

1)
,

an
d

hi
gh

er
co

nc
en

tr
at

io
ns

of
TN

F-
α

(P
<

0.
00

1)
an

d
C

RP
(P

<
0.

00
1)

.2

Pa
rt

ic
ip

an
ts

in
th

e
hi

gh
es

tq
ua

rt
ile

of
in

fla
m

m
at

or
y

di
et

ar
y

pa
tt

er
n

II
w

er
e

m
or

e
of

te
n

fe
m

al
e

(P
=

0.
00

7)
,

le
ss

ed
uc

at
ed

(P
=

0.
00

7)
,h

ad
hi

gh
er

en
er

gy
in

ta
ke

s
(P

=
0.

02
),

us
ed

m
or

e
an

ti-
in

fla
m

m
at

or
y

dr
ug

s
(P

=
0.

02
),

an
d

ha
d

hi
gh

er
co

nc
en

tr
at

io
ns

of
IL

-1
8

(P
=

0.
00

1)
.2

W
irt

h
et

al
.

(2
7)

U
ni

te
d

St
at

es
—

U
S

N
H

A
N

ES
—

24
-h

di
et

ar
y

re
ca

lls
—

D
ep

re
ss

io
n

—
—

D
II

sc
or

es
w

er
e

co
rr

el
at

ed
w

ith
de

pr
es

si
ve

sy
m

pt
om

s
am

on
g

w
om

en
(O

R:
1.

30
;9

5%
C

I:
1.

00
,1

.6
8)

.R
is

k
of

de
pr

es
si

ve
sy

m
pt

om
s

w
as

30
%

gr
ea

te
ra

m
on

g
w

om
en

w
ith

hi
gh

er
D

II.

1
C

RP
,C

-r
ea

ct
iv

e
pr

ot
ei

n;
D

A
SS

,D
ep

re
ss

io
n

A
nx

ie
ty

St
re

ss
Sc

al
e;

D
II,

di
et

ar
y

in
fla

m
m

at
or

y
in

de
x;

ID
P,

in
fla

m
m

at
or

y
di

et
ar

y
pa

tt
er

n.
2

Co
m

pa
re

d
w

ith
th

os
e

w
ho

ha
d

lo
w

er
D

II.

Dietary inflammatory index and depression 13



inflammatory markers, including IL-6 and CRP, and were
more likely to have recurrent depressive symptoms. How-
ever, the correlation between DII and recurrent depressive
symptoms was not related to plasma inflammatory marker
concentrations (21). Phillips et al. (18) demonstrated that
the association between DII and mental health was not
related to circulating inflammatory markers. Vermeulen et
al. (28) showed that participants in the highest quartile
of inflammatory dietary patterns had higher TNF-α and
CRP concentrations; however, they concluded that the link
between dietary patterns and inflammatory markers was not
involved in the increased likelihood of having depressive
symptoms. Jorgensen et al. (16) indicated that individuals
with current depression had higher CRP concentrations,
which was positively associated with DII score.

Taken together, a positive correlation between the DII
and circulating inflammatory markers may support the DII
as an appropriate tool for measuring dietary inflammatory
potential. However, increased inflammatory markers do not
predict a link between dietary inflammatory potential and
depression.

Determinants of dietary inflammatory potential
According to the articles included in this review (Table 1),
the individuals with high DII scores were mostly smokers
(in total, 6 articles; current smokers, 4 articles), physically
less active (6 articles), less educated (7 articles), had lower
energy intake (4 articles), were obese (4 articles), younger (3
articles), and single or living alone or widowed (4 articles).
Other factors associated with high DII were lower income
(1 article), unemployment (1 article), lower health status
(1 article), low supplement use (2 articles), normal BMI (1
article), and the presence of comorbid diseases (1 article).
In 4 articles, high DII scores were mostly observed in men;
3 other articles observed them in women. In all of the
studies included, the effects of all of the confounder factors,
including age, sex, level of literacy, smoking, physical activity,
marital status, etc., were adjusted in the analysis of the
relation between the DII and depression.

Discussion
An extensive body of literature has indicated that nutrition
and dietary patterns in humans are linked to changes in
cognition, behavior, and emotions. It has been suggested that
nutritional compounds can contribute to the onset, severity,
and duration of depression (31, 32). More recent reviews
have mainly focused on the relation between nutrition,
dietary quality, or dietary pattern and the odds of having
depressive symptoms, and have indicated that nutritional
inadequacies, unhealthy dietary patterns, and low-quality
diets are associated with poor mental health. In a review, Rao
et al. (33) reported that nutritional deficiencies, including
those of vitamins (folate, vitamin B-12), minerals (iron, zinc,
magnesium, selenium), and amino acids, are common in
depressed patients. In addition, several reviews have indi-
cated that vitamins (vitamins D and B), minerals (calcium,
zinc, selenium), fish, and PUFAs may have a protective

effect against the development of depressive symptoms (34–
37). Reviews and meta-analyses have shown that unhealthy
Western dietary patterns are associated with an increased
risk of depression, whereas the healthy Mediterranean diet
is inversely associated with the risk of depression (38, 39). In
a meta-analysis of prospective studies, Molendijk et al. (40)
concluded that adherence to a high-quality diet was related
to a lower risk of the onset of depressive symptoms. In a sys-
tematic review, Baskin et al. (41) reported that poor-quality
diets were positively associated with antenatal depressive and
stress symptoms. There is also a large amount of evidence
that food parameters with anti-inflammatory characteristics
may be protective against depressive symptoms. For example,
curcumin, fiber, and garlic are all food parameters with low
DII (13) and high anti-inflammatory activity (42–45), which
can decrease the development of depression. In a meta-
analysis, Ng et al. (46) indicated that curcumin has significant
clinical efficacy in ameliorating depressive symptoms. In a
cross-sectional study, Miki et al. (47) reported that higher
dietary fiber consumption from vegetables and fruits might
reduce the odds of having depressive symptoms. Marschollek
et al. (48) demonstrated that garlic oil dose-dependently
suppresses cortical spreading depression. However, the DII is
a new dietary indicator that evaluates the proinflammatory
or anti-inflammatory status of the overall diet. To date, no
review has assessed the relation between the DII and the risk
of depressive symptoms. Here, we assessed this relation and
found a positive correlation between the DII and the odds of
developing depressive symptoms.

Among the studies reviewed, Vermeulen et al. (28) did not
support the notion that a diet with increased inflammatory
potential is associated with higher incidence of depression.
In this study, dietary patterns with inflammatory potential
were identified based on a set of food groups from the
Italian National Food Consumption data, which showed
variation in a number of inflammatory markers. This method
only includes a limited number of food components when
identifying the inflammatory potential of a diet (e.g., higher
scores for diets with high intakes of refined grains, sweet
snacks, pasta, and rice) and is likely to be unable to
properly predict the inflammatory potential of the entire diet.
Moreover, it does not include consumable foods from other
countries, thereby studies performed in different countries
may possibly not be fully comparable. The DII on the other
hand, as mentioned in the Introduction to this article, is a
tool that scores diets based on 45 food components from 11
food consumption data sets from countries around the world.
Hence, it seems to be a more appropriate tool for determining
dietary inflammatory potential.

According to the findings of the studies included in
our review, a high DII score is associated with increased
concentrations of circulating inflammation markers, and
with an elevated risk of depression. However, the link
between dietary inflammatory potential and depression
did not appear to be related to increased inflammatory
markers, because adjustment for inflammatory markers
did not significantly attenuate the DII–depression relation.
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The mechanisms by which dietary inflammatory potential
correlates with depressive symptoms are not fully clarified.
Extensive evidence indicates that depression is associated
with circulating inflammation markers, and that increased
amounts of inflammation enhance the risk of developing
depression (49–51). Exogenous proinflammatory cytokine
infusions lead to depression-like behaviors and features. A
recent meta-analysis determined that 25% of patients with
hepatitis C treated with IFN developed depressive symp-
toms (52). Moreover, antidepressant medication, particularly
serotonin inhibitors, leads to the reduced production of
proinflammatory cytokines, including IL-1, IL-6, TNF-α,
and IFN-γ (53, 54). These findings all indicate that an
increased proinflammatory status might be involved in the
pathogenesis of depression.

However, because concentrations of circulating inflam-
matory markers did not predict the diet–depression relation,
according to Baron and Kenny’s (55) models, it is possible
that inflammation is more likely to influence the occurrence
of depression by indirectly mediating the concentrations of
several neurotransmitters or neuropeptides. As shown in
Figure 2, it has been speculated that systemic inflammation
leads to neuroinflammation through microglial and astrocyte
activation (56–58). A systematic review of animal experi-
ments noted that peripheral inflammatory stimuli lead to
microglial activation and an inflammatory response in the
brain (56). Hoogland et al. (57) showed that systemic stimula-
tion with live Escherichia coli causes microglial activation and
an inflammatory response in the brain. Neuroinflammation
predisposes to the development of depression by increas-
ing glutamatergic neurotransmission, reducing neurotropic
factors, and altering the metabolism of neurotransmitters in
the brain (59, 60). In depressed patients, changes to several
neurotransmitters or neurotrophins in the central nervous
system, including serotonin, norepinephrine, corticotropin-
releasing factor, and brain-derived neurotrophic factor, have
all been reported (61–64). In addition, inflammatory factors
can modulate the concentrations of the aforementioned
neurotransmitters and neuropeptides (60) and thereby may
induce susceptibility to psychiatric disorders. Taken together,
accounting for inflammatory factors alone may not be
sufficient for identifying the diet–inflammation–depression
relation without considering other interface mediators, in-
cluding neurotransmitters, neurotrophins, or neuropeptides.

Another possibility is that an inflammatory diet may
directly induce alterations in multiple neurobiological fac-
tors, e.g., serotonin, norepinephrine, corticotropin-releasing
factor, and brain-derived neurotrophic factor, which each
contribute to depression. However, the association of an
inflammatory diet with the biochemical or neurochemical
factors involved in the pathogenesis of depression, including
neurotransmitters or neurotrophins, has not been studied, to
our knowledge.

In the present study, higher DII scores were positively
associated with higher stress levels. The exact mechanism
for this correlation is unclear. Chronic stress is a strong risk
factor for psychiatric disorders, including depression (65).

Figure 2 shows that stress influences the hypothalamus and
stimulates the release of corticotropin-releasing hormone,
which subsequently activates the hypothalamic–pituitary–
adrenal axis and increases the secretion of adrenocorti-
cotropic hormone from the pituitary gland, contributing
to an increased release of glucocorticoids from the adrenal
cortex. Under normal conditions, glucocorticoids lead to
the termination of the stress reaction (65, 66). However,
glucocorticoid dysfunction enhances the expression and
function of the inflammasome NLRP3 (NLR family pyrin
domain containing 3) and promotes neuroinflammation,
which might subsequently influence the concentrations of
other neurochemicals and contribute to depression (66, 67).

Our findings demonstrate that low literacy and an un-
healthy lifestyle (being inactive, smoking) are potent factors
that negatively influence dietary behaviors. Nutritional status
(obesity, lower energy intake), marital status (single or living
alone or widowed), and a younger age are other factors
that might affect food choices. Our findings are in line with
those of previous studies. van Lenthe et al. (68) reported that
higher education and higher net household income levels are
connected to healthier food behaviors. Higher education was
related to higher consumption of healthy foods, including
fruits and vegetables. In a cohort study, Reininger et al.
(69) showed that unhealthy eating behaviors were more
common among younger participants. In a cross-sectional
study of 7236 participants, Ruiz-Canela et al. (70) indicated
a positive correlation between DII and obesity. In the
Seguimiento Universidad de Navarra cohort study, Ramallal
et al. (71) reported that a high-DII diet was associated with an
increased risk of developing obesity during the 8.1-y follow-
up.

Conclusions
Our findings support the DII as an appropriate tool for mea-
suring dietary inflammatory potential and validate the role
of diets with inflammatory potential in the pathophysiology
of depression. A high DII may be correlated with increased
circulating inflammatory markers. In addition, our findings
suggest that low literacy, unhealthy lifestyle, poor nutritional
status (obesity, lower energy intake), marital status (single or
living alone or widowed), and younger age are potent factors
that may contribute to having a diet with inflammatory
potential. Further animal, clinical, or dietary interventional
studies are needed to investigate the associations of the DII
with depression-related neuropsychological function and
with the neurochemical factors involved in the pathogenesis
of depression, including neurotransmitters or neurotrophins,
to provide more evidence of the mechanistic links between
DII and depression.

Application of the findings
At whole population level, a primary prevention strategy
involving the promotion of knowledge of, and attitudes
towards, diets with more anti-inflammatory parameters (as
listed in Supplemental Table 1) through training and adver-
tising or marketing activities may result in healthier dietary
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FIGURE 2 A possible mechanistic model for the diet–inflammation–depression relation. Dashed arrows represent findings from the
current study and solid arrows show findings from previous studies. 5-HT, serotonin; ACTH, adrenocorticotropic hormone; BDNF,
brain-derived neurotrophic factor; CRF, corticotropin-releasing factor; CRH, corticotropin-releasing hormone; CRP, C-reactive protein; DII,
dietary inflammatory index; GC, glucocorticoid; HPA, hypothalamic–pituitary–adrenal; NE, norepinephrine.

habits. This should consequently be useful for inhibiting the
occurrence of depression, particularly among smokers and
people with low levels of education or sedentary lifestyles.
Furthermore, the provision of dietary recommendations in
psychiatric clinical care could have a place in inhibiting the
development of depression.

Strengths and limitations of the study
This study’s greatest strength is that all of the studies included
were prospective cohort studies with large sample sizes (299–
43,685 participants) and mostly had long follow-up periods
(5–12.6 y). Most of the studies (10 of 12) used the same tool
for assessing the DII. All of the studies included adjusted
for the role of potential confounding factors (age, literacy,
physical activity, marital status, etc.) in their analyses of
the association between the DII and depressive symptoms.
However, the studies searched had several limitations, such
as varying measurement tools and cutoffs for the diagnosis
of depression. No clinical study investigated the associa-
tion between the DII and neurochemical factors such as
neurotransmitters or neurotrophins, which are substantial
contributors to the pathogenesis of depression. Further
clinical studies may therefore be beneficial for determining
the mechanistic pathways that regulate the relation between
the DII and depression.
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